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g a s  c a p a c i t ie s  ( r a t in g s )  o f  
e s c a p e  r e s p i r a t o r s  f o r  
m in e w o r k e r  u s e
By R. M etzler, T. Rehak, J. Szalajda, R. B erry  Ann
The fo llow ing  in fo rm ation  w ill help  
w orkers  understand the m eaning of 
breath ing  gas capacity of a jo in tly  
approved N ational In s titu te  for 
Occupational Safety and H ealth  (N IO SH) 
and M in e  Safety and Health  
A dm in istration  (M SH A) closed-circuit 
escape resp ira to r (CCER). U nderstanding  
the uses and lim ita tions o f the CCER is 
im p o rtan t in p lanning for an escape 
during  a m ine emergency.
CCERs are know n in the m in ing  industry  
as self-contained self-rescuers (SCSR). A ll 
closed-circuit escape respirators contain  
a fixed quantity  o f oxygen. The new  
N IO S H /M S H A  CCER standards upgraded  
the perform ance and design requirem ents  
of this type of resp ira to r and established  
an oxygen capacity level for each CCER so 
th a t a purchaser can kn o w  h o w  much  
oxygen it contains.
U nder the old standard, CCERs w ere  rated  
and labeled by duration  specified in tim e  
in tervals. It did not indicate the volum e  
of oxygen th a t the CCER contained. The 
rated  duration  can be ve ry  m isleading  
because the am ount of oxygen needed to 
com plete a successful escape varies both  
fo r each person and fo r each escape 
scenario.
W hat is a CCER capacity rating?
A CCER is rated  as CAP1, CAP2, or CAP3 
depending on the vo lum e of oxygen it  w ill 
supply. Each level represents a m in im um  
volum e of b reath ing  gas: CAP1: 20<  Liters  
< 59; CAP2: 60 < Liters < 79; and CAP3: > 
80  Liters. An approved CCER w ith  CAP3 
ra ting  provides at least the same am ount 
of oxygen as previously requ ired  under 
the old standards fo r a un it ra ted  60- 
m inutes.
How much oxygen is needed  to perform  
work?
W hen the hum an body perform s any  
activity, it requires the consum ption of 
oxygen from  the a ir w e breathe. The body  
m etabolizes (o r "consumes") oxygen even 
w h ile  a person is resting. A  greater  
am ount o f oxygen is needed w hen the  
body's ac tiv ity  becomes m ore physically  
dem anding. Table 1 shows the typical 
oxygen consum ption requ ired  by a 
person w eigh ing  about 190  pounds for 
th ree  types o f physical activities.
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Table 1.
Physical A c tiv ity1 Oxygen
Consum ption2
lite rs /m in
(S TP D )3
Resting .4
V ery  intense activ ity  at 
fast pace (w o rk in g  w ith  
an axe, shoveling, 
digging, clim bing stairs)
1 .8
Continuous w o rk  at 
high in tensity  fo r 15 
m inutes (craw ling  
under or clim bing over 
obstacles, rem oving  
debris)
2.9
1. ISO/TS 16976-1 (2007) Technical Specification, Metabolic 
rates and respiratory flow rates, Table A.1, page 13.
2. ISO/TS 16976-1 (2007) Technical Specification, Metabolic 
rates and respiratory flow rates, Table 4, page 11.
3. Standard Temperature and Pressure, Dry
As indicated in Table 1, the harder 
someone works, the quicker the oxygen 
supplied by a CCER is consumed.
The am ount of oxygen requ ired  by a 
person to perfo rm  a given activ ity  
depends p rim a rily  on a person's body  
w eight along w ith  the add itional w eight 
being w o rn  or carried  (personal 
protective equipm ent, tools, etc.).
Does every individual require the sam e 
am ount of oxygen to perform  the sam e  
work?
M ore oxygen is requ ired  by a larger 
person than a sm aller one fo r the same 
physical activity. Table 2 illustrates this 
po in t by show ing the approxim ate oxygen 
consum ption req u ired  by three d iffe ren t 
size (w eigh t) persons perfo rm ing  the  
same physical activities. NIOSH and 
M SHA use a 1-hour M an Test 4  (a series of 
activities s im ilar to the typ ical conditions
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faced in a m ine escape) to approve CCERs 
fo r m ining. This test is the basis o f the  
com parison shown in Table2:
Table 2.
Exercise:















lite rs /h o u r
(STPD)
81 71 65
Data was extrapolated from ISO/TS 16976-1 (2007) Technical 
Specification, Metabolic rates and respiratory flow rates, pages 
9-11, for 42CFR84, "Man test 4” metabolic requirements.
1. Body size indicate is an approximate weight.
As Table2 indicates, the largest person  
requires approxim ate ly  2 5 %  m ore  
oxygen than the sm allest one to com plete  
the same physical activity.
In  general, the m ore a person weighs, the  
m ore oxygen w ill be needed to com plete  
the same activity. Body posture also 
affects the am ount of oxygen consumed  
by an ind ividual. For m iners, the seam  
height o f the m ine can affect body posture  
and have an im pact on the am ount of 
oxygen needed to escape. As additional 
muscles are involved in an activity, m ore  
oxygen is needed to supply those muscles. 
W alk ing  upright requires the least 
am ount o f oxygen w h ile  escaping  
fo llow ed by: w a lk in g  bent at the head; 
w alk in g  bent at the waist; stooped  
w alking; craw ling; and the least efficient 
is duck w alking.
How do I know  which CCER capacity  
rating is right for my escape?
A N IO S H /M S H A  approved escape 
resp ira to r m ust pass a rigorous b a tte ry  of 
labora to ry  tests. In  the previously
m entioned 1-hour M an Test 4, the CCER 
m ust provide at least 60  m inutes of 
breathable  a ir  (80  liters) for a 192 pound  
person to com plete the physical activities  
associated w ith  the test.
As described above, oxygen consum ption  
can va ry  depending p rim a rily  on a 
person's w eight and the physical activ ity  
being perform ed. Furtherm ore, the to ta l 
capacity fo r oxygen supply and carbon  
dioxide rem oval vary  by resp ira to r m odel. 
The N IO S H /M S H A  req u irem en t is a 
m in im u m  standard, so depending on the  
size and type o f resp ira to r i t  could  
contain m ore oxygen than  the am ount 
needed to pass the test. G iven these 
considerations, it is not possible to  
provide a specific duration  ra ting  that a 
CCER can supply breathab le  a ir  for all 
individuals and under all conditions of 
use.
Oxygen consum ption can, how ever, be 
estim ated fo r a person based on his body  
size and physical activity. Therefore, 
know ing  the oxygen capacity ra ting  o f a 
CCER, as explained above, provides useful 
in fo rm ation  to assure an adequate supply  
of oxygen is available to m eet the am ount 
estim ated fo r the person to com plete  
specific physical activities. Together w ith  
effective tra in in g  and tr ia l escapes, a 
CCER w ith  the p roper oxygen capacity  
can be selected to m eet the estim ated  
needs fo r an effective escape.
W ith  p r o p e r  p r a c t i c e ,  r o u t i n e  t r a i n i n g ,  
a n d  e f f e c t i v e  p l a n n i n g ,  a n  i n d i v i d u a l  
c a n  b e c o m e  f a m i l i a r  w i t h  t h e  
p e r f o r m a n c e  o f  a  CCER.
In  conclusion, during  an emergency, users 
m ust be confident that the CCER selected 
can provide enough oxygen to get them  to  
a safe location. One w ay  to determ ine the  
capacity level requ ired  by all individuals  
is to have the heaviest person w ear  
regular w o rk  clothing and equipm ent, 
don the resp irator, and trave l the escape 
route from  the deepest point of 
p enetration  in the m ine to a po in t of 
safety. I f  the resp ira to r does not have 
enough oxygen to enable this ind iv idual 
to execute a successful escape, then a 
CCER w ith  a g reater oxygen capacity  
should be selected, or else m ore  
resp irators w ill need to be cached along  
escape ways.
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To receive N IO SH  docum ents or m ore inform ation about occupational safety and 
health topics, please contact N IO SH  at
Telephone: 1 -8 0 0 -C D C -IN F O  (1 -8 0 0 -2 3 2 -4 6 3 6 )
TTY: 1 -8 8 8 -2 3 2 -6 3 4 8
CDC INFO: w w w .cdc.gov/info
or v isit the N IO SH  W eb site at w w w .cdc.gov/niosh
For a m onthly update on new s at N IO SH , subscribe to  N IO SH  eNews by v isiting 
w w w .cdc.gov/niosh/eN ew s.
This  docum ent is in  the  pub lic  dom ain  and m ay  be free ly  copied o r re p rin te d .
As part o f  the Centers for D isease Control and Prevention, N IO SH  is the Federal 
agency responsible for conducting research and m aking recom m endations to  pre­
vent w ork-related illnesses and injuries. Fact sheets describe how  w orker 
exposures to  hazardous agents or activities can be reduced.
M ention o f  any com pany or product does not constitute endorsem ent by N IOSH. 
In addition, citations to  W eb sites external to  N IO SH  do not constitute N IO SH  
endorsem ent o f  the sponsoring organizations or their program s or products. F u r­
therm ore, N IO SH  is not responsible for the content o f  these W eb sites.
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